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We now discus Coil prototype.
Coiling as Mod
The unique co feedback and a digital modeli metaphor becau for the creatio approach also and expressiven ) and sketch accurately in the physical world. We would also need to provide visual feedback of the outcomes of implicit operations so that users can delay the start of the construction until they are satisfied with the outcome. Augmented reality glasses are one strategy to provide such feedback. Supporting implicit constructs would also require extending our extruding system to accept self-intersecting geometries which our current prototype does not support.
Model Accessibility
D-Coil adds tangibility to 3D digital modeling by creating a physical construction. However, tangibility will sometimes limit the accessibility of some parts of the model (inner structure), a problem that does not exist using a digital tool. In part, this could be addressed by careful planning, a common approach in constructing complex wax artifacts.
Another approach is to simply destroy the parts of the model that are in the way since the wax model is just a proxy for the digital model. Empirical studies will be required to better understand how users react to this approach.
Incremental design
For the current version of D-Coil, we assumed that the model would not be detached from the workbench. This could be inconvenient when users would like to hold or reposition the object to get a sense of its fit. This could be addressed by creating a simple calibration procedure by which the system assists the users in creating 3 calibration marks using the cutting tools. After detaching the object and returning it to the platform, the users could calibrate the position and orientation of the new position by indicating the three reference points. This procedure could even be extended to situations in which the user already printed the object and would like to continue adding features on the 3D printout. The calibration feature would also allow for the creation of compound models from different parts.
FUTURE WORK
In this paper, we have focused on presenting the expressiveness of the D-Coil system. Next, we intend to implement a more robust version for broader deployment and evaluation with both novice and expert coilers. We would also like to explore whether the system can support more implicit constructs by extending it with various kinds of displays.
D-Coil as a Fixing Tool
We have shown in Figure 11 that the D-Coil system could be used to create models with a good fit to existing artifacts placed on the workbench platform. This feature could be extended to larger artifacts that may not fit to the platform by simply changing the tracking mechanism from a magnetic to an optical system (the simplest solution being binocular cameras). After setting up the tracking system, users would define the origin of the working volume and start working. This approach would make it possible to create quick add-ons to existing objects or missing parts for broken objects (akin to a digital version of sugru [18] , a clay-like compound that hardens to hard plastic).
CONCLUSION
In this paper we presented D-Coil, a digital modeling system using wax coiling to bring tangibility to the design process. Combining an extrusion tool, a cutting tool, and a 6DOF controller to control the coiling process, users can create a wide range of digital models often difficult to create in classic 3D design tools. We presented an implementation prototype illustrating how our approach can help novices to get started with modeling and can provide experts with a more reflective creation approach.
We described the design and operation of the system and provided several examples illustrating its expressiveness. Once deployed, this system could let a broader range of potential users take full advantage of 3D printing.
